The composition of the essential oil isolated from cones of Pinus halepensis grown in Corsica has been investigated by a combination of chromatographic (CC, GC) and spectroscopic (MS, 13 C NMR) techniques. In total, 48 compounds that accounted for 95.5% of the whole composition have been identified. -Pinene (47.5%) was the major component followed by myrcene (11.0%), (E)--caryophyllene (8.3%) and caryophyllene oxide (5.9%). Various diterpenes have been identified by 13 C NMR in the fractions of CC. Fifteen oil samples isolated from cones harvested in three forests have been analyzed and two groups of similar importance have been differentiated within the 15 compositions. Oil samples of the first group contained -pinene (mean 45.0 g/100 g, SD = 5.5) as the major component. The composition of samples of the second group was dominated by myrcene (mean 30.3 g/100g, SD = 9.0) and -pinene (mean 24.6 g/100 g, SD = 3.1).
Pinus halepensis
Mill. (Pinaceae) known as "Aleppo pine", is present all around the Mediterranean basin and in the islands, the biggest populations being found in Spain, Algeria and Morocco. It is generally found at low altitudes (0-200 m), but can grow at an altitude of up to 1000 m. It is a resinous, medium sized tree, 15-25 m tall, with a trunk diameter up to 60 cm. The orange-red bark is deeply fissured. Needles, 5-10 cm in length, are yellowish green. The brownish-red cones, ovoid, broad at the base, 8-12 cm in length, contain seeds that possess a 20 mm wing and are easily wind-dispersed [1] .
In Corsica, in contrast to the written work of de Litardière and Malcuit [2] , P. halepensis was introduced during the 19 th and 20 th centuries. Nowadays, it is found in three locations, Capo di Feno (west center Corsica, near Ajaccio), Saleccia (north-west Corsica, near Bastia) and Tre Padule de Suartone (south-east Corsica, near Bonifacio) ( Figure 1 ). Oleoresin of P. halepensis is used for the industrial production of turpentine. Various parts of the plant are suited for production of essential oils, whose composition has been investigated. Needle oil from P. halepensis exhibited a fair chemical variability, although the major components were in most cases monoterpene hydrocarbons, -pinene, -pinene, sabinene, and myrcene, as well as (E)--caryophyllene. This was the case for essential oils from Spain [3] , Italy [4, 5] , Greece [6] , Turkey [7] , Algeria [8] and Morocco [9] . In contrast, an oil sample from Tunisia contained elemene and -humulene as major components [10] . Sesquiterpenerich oils have also been found in Algeria, the major components being (E)--caryophyllene, -humulene, and either aromadendrene or caryophyllene oxide [11] [12] [13] . A few diterpenes have been identified in appreciable contents, cembrene [6] and thumbergol [13] , as well as phenylethyl esters [8, 14] . The composition of P. halepensis branch oil was dominated by monoterpenes. Branch oil of Spanish origin contained mostly sabinene (57.7-69.4%) and pinene (24.7-31.8%) [3] . The major components of Italian samples were -pinene (61.8% and 27.9%) and myrcene (42.1% and 20.1%) [5] . Turkish oil contained comparable amounts of -pinene (18.7%), limonene (18.7%), -pinene (16.4%) and -3-carene (16.3%) [7] .
Finally, only a few papers have reported on the cone oil from P. halepensis of Italian, Tunisian and Turkish origins. All the compositions were dominated by -pinene (53.6%, 51.7% and 47.1%, respectively), and myrcene (13.7%, 10.3% and 6.2%, respectively) [5, 15, 16] . The main sesquiterpenes were either (E)-caryophyllene (6.7% and 11.2%, respectively) [5, 15] or longifolene (15.0%) [16] .
In continuation of our work related to the characterization of pines growing wild in Corsica [17] through the chemical composition of their essential oil, we report here on the composition of P. halepensis cone oil. First, a detailed analysis of a collective oil sample was carried out by a combination of chromatographic and spectroscopic techniques, and then the composition of 15 oil samples was investigated in order to determine either their homogeneity or chemical variability.
Fifteen oil samples were isolated from cones of P. halepensis harvested from individual trees in three Corsican forests. Yields varied drastically from 0.06% to 0.30%. However, 13 samples out of the 15 were obtained with yields comprised between 0.15% and 0.30%. Yields varied substantially with the location. Indeed, the mean yield values were calculated as 0.23% for Capo di Feno, 0.17% for Saleccia and 0.13% for Tre Padule. The 15 oil samples were subjected to GC(FID) analysis and retention indices of individual components were measured on two columns of different polarity. Combined analysis of one oil sample by GC(RI), GC-MS and 13 C NMR led to the identification of the major components by the three techniques and some minor components by GC(RI) and GC-MS. In contrast, various minor components, including predominantly oxygenated sesquiterpenes and probably diterpenes, remained unidentified. Therefore, fractionation of the essential oil, was undertaken, followed by analysis of the fractions by GC(RI) and by 13 C NMR.
Combined analysis of a cone oil sample by a combination of chromatographic and spectroscopic techniques
Two oil samples exhibiting similar chromatographic profile were mixed together and the mixture subjected to GC(RI), GC-MS and 13 C NMR analysis following a computerized method developed in our laboratory [18] . Then the mixture was chromatographed on silica gel and hydrocarbons (Fraction F1) and oxygenated compounds (Fraction F2) were separated and fraction F2 was again chromatographed using a gradient of solvents of increasing polarity, leading to four fractions (F2.1-F2.4) ( Figure 2 ). All the chromatography fractions were analyzed by GC(RI) and 13 C NMR spectroscopy. In total, 48 compounds were identified, which accounted for 95.5% of the whole composition. -Pinene (47.5%) was strongly predominant in that sample, followed by myrcene (11.0%). Sesquiterpenes were represented by (E)--caryophyllene (8.3%) and caryophyllene oxide (5.9%). The occurrence of various minor components bearing the pinane skeleton should be noted: verbenene, -pinene, trans-pinocarveol, trans-verbenol, cisverbenol, pinocarvone, cis-pinocarveol, myrtenal, myrtenol and verbenone. Various oxygenated sesquiterpenes not identified by MS or with a very poor fit were identified by NMR in the CC fractions: cubebol, -elemol, palustrol, guaiol, caryophylla-4(14),8(15)-dien-5-ol, caryophylla-3,8(15)-dien-5-ol. 13 C NMR spectroscopy appeared really useful for the identification of diterpenes. Indeed, beside abietatriene, identified by GC-MS in the EO and by 13 C NMR in fraction F1 (1.3%), five oxygenated diterpenes were identified in various CC fractions, all present in very low content in the essential oil (trace level or 0.1%): manoyl oxide, cis-abienol, isopimaral and dehydroabietal, whose NMR data were compiled in an in-house 13 C NMR spectral data library, and 8,12-epoxy-14-labden-13-ol (relative stereochemistry of carbons C12 and C13 is 12R,13R), identified by comparison with 13 C chemical shifts provided by Wahlberg et al. [19] who obtained by synthesis this compound present in tobacco. Otherwise, fractionation of the bulk sample followed by 13 C NMR analysis of the CC fractions was efficient for the identification of minor components that co-eluted on the apolar column used for GC-MS analysis, for instance, limonene and -phellandrene, cispinocarveol and myrtenal, myrtenol and verbenone. Phenylethyl isovalerate identified by MS and confirmed by NMR in a CC fraction was the unique non terpene compound identified. All 15 oil samples isolated from cones of P. halepensis growing wild in three Corsican forests were subjected to GC analysis and retention indices of individual components were measured on two columns of different polarity. Within the 15 oil samples, six selected on the basis of their chromatographic profile were analyzed by 13 C NMR that confirmed the occurrence of the major components. One sample was also subjected to GC-MS analysis and no compound different from those identified on the fractionated sample was identified.
The content of the major components varied substantially from sample to sample: -pinene (18.0-56.8%), myrcene (6.2-44.6%), and (E)--caryophyllene (1.2-19.0%). Three other compounds were present in appreciable content: -3-carene (up to 9.6%), caryophyllene oxide (up to 6.5%) and -humulene (up to 3.2%).
Although the 15 compositions have not been submitted to statistical analysis, two groups of similar importance could be differentiated ( Table 2 ). The composition of the 8 oil samples of the first group is strongly dominated by -pinene (34.6-56.8%, mean = 45.0%), beside myrcene (mean = 9.7%) and (E)--caryophyllene (mean = 6.5%). The 7 oil samples of group II contained mainly myrcene (mean = 30.3%) and -pinene (mean = 24.6%), beside (E)-caryophyllene (mean = 12.7%). It is noticeable that group I contained all the oil samples from Capo di Feno (west coast of Corsica) and one sample from Tre Padule. All the oil samples of group II came from Saleccia station (northern Corsica) and Tre Padule (southern Corsica). In comparison with literature data, it could be noted that the composition of oil samples of group I, dominated by -pinene is similar to those of P. halepensis cone oils from Italy [5] and Turkey [15] . They differed from the Tunisian oil by the absence of longifolene [16] . In contrast, cone oils containing more or less similar amounts of -pinene and myrcene (group II) are reported for the first time. However, the myrcene/-pinene or -pinene/myrcene chemotypes have been found in needle oils from Italy [5] , Algeria [8] and Morocco [9] . Essential oil production and fractionation: Cones of individual trees (250-450 g) were manually fragmented and then hydrodistilled on a Clevenger-type apparatus for 3 h. Two oil samples that exhibited similar chromatographic profile were mixed to give a collective oil (1.3 g), which was fractionated by flash chromatography (silica gel, 25 g, 250-500 m); 2 fractions (F1-F2) were eluted with n-pentane and diethyl ether, respectively. Fraction F2 was again chromatographed (silica gel, 15 g, 250-500 m) with a mixture of solvents of increasing polarity (n-pentane:diethyl oxide 98:2 to 0:100), leading to 4 fractions F2.1-F2.4.
Experimental

GC(FID) analysis:
GC analyses were carried out with a Clarus 500 Perkin-Elmer Autosystem chromatograph equipped with 2 flame ionisation detectors (FID), and fused capillary columns (50 m x 0.22 mm i.d., film thickness 0.25 µm), BP-1 (polymethylsiloxane) and BP-20 (polyethylene glycol). Carrier gas was helium at a flow of 0.8 mL/min. The oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal (20 min). Injector temperature: 250°C (injection mode: split 1/60); detector temperature: 250°C. Injected volume: 0.5µL of a solution of 50 µL of the mixture (oil or chromatographic fraction) diluted in 350 µL of CCl 4 . The percentage composition of the essential oil (g/100 g) was computed by the normalization method from the GC peak areas, using the response factors reported in the literature [20] and nonane as an internal standard.
GC-MS analysis:
GC/MS analyses were carried out using an Agilent Technology 7890A detector (quadrupole), directly coupled to an Agilent Technology 5975C, equipped with a fused-silica capillary column (30 m x 0.25 mm i.d., film thickness 0.25 µm), HP-MS 5% phenylmethylsiloxane. Carrier gas, helium at 1 mL/min; split, 1:80; injection volume, 0.2 µL. The injection port was set at 250C; the oven temperature was programmed from 60°C to 250°C at 4°C/min (52.5 min). Significant quadrupole MS operating parameters: Ion source temperature, 150°C; electron impact ionization at 70 eV with scan mass range of 35-350 m/z.
C NMR analysis:
Spectra were recorded on a Bruker 400 Avance Fourier Transform spectrometer operating at 100.623 MHz for 13 C, equipped with a 5 mm probe, in CDCl 3 , with all shifts referred to internal tetramethylsilane (TMS). 13 C NMR spectra were recorded with the following parameters: pulse width = 4 µs (flip angle 45°); acquisition time = 2.7 s for 128K data table with a spectral width of 25, 000 Hz (250 ppm); digital resolution = 0.183 Hz/pt. The number of accumulated scans was 3000 for each sample (around 50 mg of the oil or chromatographic fraction in 0.5 mL CDCl 3 ).
Identification of components:
All 15 samples were submitted to GC-RI analysis. Among them, 6 samples, selected on the basis of their chromatographic profile, were also analyzed by 13 C NMR, as well as all the fractions of chromatography. One sample was analyzed by GC-MS. Identification of the components was based: (i) on comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a C 6 -C 28 n-alkane series with linear interpolation with those of authentic compounds and literature data [21]; (ii) on computer search using digital libraries of mass spectral data [22] and comparison with published data [21] , and (iii) by 13 C NMR spectroscopy, following the methodology developed and computerised in our laboratories, using a home-made software and spectral data library [18] .
